Clinicians usually do not have access to a lantern test when making an occupational assessment of the ability of a person with defective colour vision to recognise signal light colours: they must rely on the results of ordinary clinical tests. While all colour vision defectives fail the Holmes Wright Type B lantern test and most fail the Holmes Wright Type A lantern, 35% of colour vision defectives pass the Farnsworth lantern. Can clinical tests predict who will pass and fail the Farnsworth lantern? We find that a pass (less than two or more diametrical crossings) at the Farnsworth Panel D 15 Dichotomous test has a sensitivity of 0.67 and specificity of 0.94 in predicting a pass or fail at the Farnsworth lantern test; a Nagel range of \10 has a sensitivity of 0.87 and a specificity of 0.57. We conclude that neither the D 15 nor the Nagel Anomaloscope matching range are satisfactory predictors of performance on the Farnsworth Lantern.
Introduction
Lantern tests have been used for nearly 100 years to assess persons with defective colour vision seeking entry into occupations requiring the ability to recognise coloured signal lights [1] . Lantern tests are not produced in large numbers and are mostly held only by the regulatory authorities. They are usually not readily available to clinicians who are often asked to give an opinion of the fitness of a person with defective colour vision to engage in an occupation in which it is important to be able to recognise signal light colours.
Clinicians therefore usually have to base their opinions on the results of conventional colour vision tests without reference to a lantern test. Occupational assessment of colour vision would be easier and more accessible to those seeking an opinion about their colour vision if it can be shown that these conventional tests of colour vision predict the ability to recognise signal colours. This is not a critical issue for the Holmes Wright Type B lantern which is used by many maritime authorities for testing colour vision, since with rare exceptions, everyone with defective colour vision fails this test [2] . Simply to demonstrate abnormal colour vision with pseudo-isochromatic plates leads to the confident conclusion that the Holmes Wright Type B lantern will be failed.
The Holmes Wright Type A lantern used by a number of aviation and defence authorities also has a high failure rate of 83%. The data of Cole and Vingrys [3] show that almost all of those who fail the Farnsworth D 15 test fail the Holmes Wright Type A although it has to be said that 24% of those who pass the D 15 also fail the Type A (see Table 6 of ref.
[3]).
The Farnsworth lantern presents an easier task because the stimuli are relatively large and bright. It is passed by a third of those with defective colour vision. The Farnsworth lantern is widely used by transport and defence authorities.
Cole and Vingrys [3] showed that the Farnsworth D 15 Dichotomous test had a sensitivity of 0.74 and a specificity of 0.85 in predicting a pass or fail at the Farnsworth Lantern. They found that a Nagel anomaloscope range of \ 10 had a sensitivity of 0.61 and a specificity of 0.74. Pass at the Farnsworth lantern is less than three errors on the second and third runs. Note if the fail criterion was any error then the pass rate for DA is 30% and only 5% for PA. Table 1 shows the proportions of subjects who pass the Farnsworth lantern by type of colour vision defect.
Results
When weighted by the relative prevalence of the different types of defective colour vision, the overall pass rate for the Farnsworth lantern is 34% which is the same pass rate found by Cole and Vingrys [3] .
All dichromats fail the Farnsworth lantern (and the other lanterns). With one exception, all dichromats also fail the Farnsworth D 15 and all dichromats have a Nagel range \ 15, so both tests have a sensitivity and specificity of close to 1.0 for dichromats in predicting a Farnsworth lantern fail. Table 2 reports the sensitivity and specificity of the Farnsworth D 15 test for predicting a pass or fail at the Farnsworth lantern for protanomaly and deuteranomaly using several D 15 fail criteria. Table 3 reports the sensitivity and specificity of the Nagel anomaloscope range for predicting a pass or fail at the Farnsworth lantern for protanomaly and deuteranomaly using several Nagel range fail criteria.
For a population of colour vision defectives which includes both dichromats and anomalous trichromats in the usual presenting proportions, the sensitivity and specificity of the Farnsworth D 15 test (fail criterion = two diametrical crossings) for predicting a pass or fail at the Farnsworth lantern is 0.67 and 0.94, respectively. The sensitivity and specificity of a Nagel Range with a fail criterion of \10 is 0.87 and 0.57, respectively.
A combination of the D 15 and the Nagel range does not improve prediction. For example, if a subject is required to pass at the D 15 ( B two crossings) and have a Nagel range of ten or less, sensitivity is 0.82 and specificity is 0.58 for deuteranomals and 0.75 and 0.46 for protanomals.
Discussion
All dichromats with rare exception fail the D 15 test and they always fail the Farnsworth lantern so the D 15
This result was based on a relatively small sample of people with defective colour vision (N = 100, 9 P, 17 PA, 17 D and 57 DA) and the sensitivities and specificities are for defective colour vision as a whole regardless of type of defect. In this paper we report on the ability of the Farnsworth D 15 Dichotomous test and the Nagel range to predict a pass or fail at the Farnsworth lantern for a larger sample and for each type of defective colour vision.
Materials and methods
We have assembled data for 286 people with defective colour vision including 73 subjects from the original Cole and Vingrys [3] study. Those excluded from their original sample of 100, were those for which only the adapted Nagel anomaloscope range was available. The other sources of data were clinical records of those attending our colour vision clinic (N = 158) and another experiment we had conducted [4] (N =55). The data included, for all subjects, a careful record of the results of the Ishihara Test, the Farnsworth D 15 test, the Nagel anomaloscope range and the errors made at the Farnsworth. The Nagel range was measured in all cases without white light adaptation. 
